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We use clickstream data on a panel of more than 16,500 European consumers to ana-
lyze the relationship between different online music consumption channels. In particu-
lar, we revisit the question of sales displacement in the digital era, and analyze how li-
censed online music streaming affects digital music purchasing behavior. Our results show
no evidence of digital music sales displacement by unlicensed downloading and present,
for some countries in our sample, a rather small but positive elasticity of up to 0.04 be-
tween these two channels. We also ﬁnd a positive relationship between the use of licensed
streaming websites and licensed websites selling digital music, suggesting a stimulating ef-
fect of music streaming on digital music sales. Our results present important cross country
differences in these effects, with elasticities ranging between 0.09 and 0.01. Finally, we ﬁnd
heterogeneous effects according to individuals’ proﬁles. For both unlicensed downloading
and licensed streaming alike, our results suggest that consumers with higher interest in
music view these channels as complements to licensed digital purchases to a larger extent.
© 2016 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
In the last decade, digitization has dramatically af-
fected most of the media industries. Digital technologies
have allowed to drastically reduce the costs of copying
and disseminating information. In the case of the music
industry, these costs reductions have led to major gains
for consumers who can now easily enjoy and beneﬁt
from a wider range of products at a minimal cost. Music
producers, on the other hand, have for many years feared Disclaimer: the views expressed are those of the authors and may not
in any circumstances be regarded as stating an oﬃcial position of the
European Commission.
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(http://creativecommons.org/licenses/by/4.0/).the advent of digitization, and in particular piracy, in
which they saw a major threat to their revenues.
Understanding how technological change and digiti-
zation have affected the music industry as a whole is
important in order to assess its effects on welfare. In order
to promote innovation and maximize welfare, copyright
protection trades off the costs of limiting access to a cre-
ative work (e.g. a song) against the beneﬁts of providing
incentives to create it (Landes and Posner, 1989). By effec-
tively weakening copyright protection, music piracy may
wreak havoc with the objective of maximizing society’s
welfare. Understanding the effects of piracy is therefore
of major importance from a public policy perspective. The
increase of unlicensed music consumption is worrisome
because it could lead to a decrease in music producers’
revenues and consequently to a possible reduction in the
supply of innovative music. For this claim to hold true,
however, licensed and unlicensed consumption of musicarticle under the CC BY license
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obtained via unauthorized channels effectively depress
sales since they would otherwise have been purchased.1
The impact of music piracy on licensed sales of mu-
sic has been studied extensively in the empirical litera-
ture, focusing mainly on physical music sales. Most stud-
ies ﬁnd that piracy harms revenues, with estimated sales
displacement rate far below one. That is, music consumers
are found to substitute CD purchases for unlicensed mu-
sic consumption, but much of what is consumed illegally
would not have been purchased if piracy was not available.
There is therefore a rather clear consensus on the nega-
tive effects of online piracy on the off-line physical sales
of recorded music.2
Over the last decade, however, the availability to pur-
chase licensed digital songs changed individuals’ music
consumption alternatives. Instead of having to buy a whole
CD, the alternative to downloading any particular digi-
tal song from an unlicensed source is now to purchase
it in MP3 format. As emphasized in Waldfogel (2010),
the appearance of ﬁle-sharing and downloading technol-
ogy might have different effects on sales, depending on
whether the licensed option is a 12-song CD or à la carte
songs. Consider an individual interested in a few songs
from a given artist. While she may not consider buying the
entire album (which also contains unknown songs) when
offered the possibility to freely (but illegally) download
these speciﬁc songs, she might nevertheless be willing to
pay for them individually. The effect of unlicensed down-
loading on individual songs and albums may therefore be
different, and one can easily imagine a circumstance in
which ﬁle-sharing would hurt album sales more than it
hurts song sales.3
The empirical literature on music piracy has paid much
less attention to the effect of unlicensed music consump-
tion on the licensed sales of digital music. In this paper, we
focus on two main questions regarding online consumption
of digital music. First, we ask whether online music con-
sumers perceive unlicensed digital music downloads as a
substitute to licensed purchases of digital music. We there-
fore revisit the question of sales displacement in the digital
era, adding evidence to a fundamental debate in the eco-
nomics of copyright. Second, we analyze how licensed on-
line music streaming affects digital music purchasing be-
havior, a question that has received limited attention in
the empirical literature thus far. Finally, our study also
provides evidence on the determinants of these differ-1 Note that this is only a necessary, but not suﬃcient condition. One
must in particular take the effects of digitization on the costs of produc-
tion into account. These could indeed potentially beneﬁt both producers
and consumers alike and offset the potentially negative effect of piracy
(Waldfogel, 2012a; 2012b). See Oberholzer-Gee and Strumpf (2010) for an
extended discussion on ﬁle-sharing, copyright protection and the incen-
tives to create, market and distribute new works.
2 This naturally leads to a concern about the potential negative effect
that piracy could have on the ﬂow of music to be delivered to market.
The empirical literature has nevertheless failed to identiﬁed any negative
effect of digitization on the supply of music brought to market (Aguiar
and Waldfogel, 2016; Handke, 2012; Waldfogel, 2012a; 2013).
3 We will use the terms downloading and ﬁle sharing interchangeably
to refer to unlicensed music consumption in the remainder of the text.ent licensed and unlicensed digital music consumption
channels.
Our analysis relies on a novel dataset that enables us
to follow the online behavior of more than 16,500 Internet
users in ﬁve EU countries during 2011. For each Internet
user in our sample, our data provide us with their full 2011
clickstream activity and therefore allow us to identify spe-
ciﬁc visits on websites related to music consumption, both
licensed and unlicensed.
Our analysis presents several ﬁndings. First, we ﬁnd no
evidence of a negative effect of unlicensed music down-
loading on digital music purchasing behavior, even after
controlling for individual unobserved heterogeneity. Our
ﬁndings suggest, if anything, a rather small complementar-
ity between these two channels. Second, we ﬁnd a positive
relationship between the use of licensed streaming web-
sites and licensed websites selling digital music. Third, we
ﬁnd some important cross country differences in these ef-
fects. Finally, we also ﬁnd evidence of heterogeneity in the
effects according to some individuals’ proﬁles. For both un-
licensed downloading and licensed streaming alike, our re-
sults suggest that consumers with higher interest in mu-
sic view these channels as complements to licensed digital
purchases to a larger extent.
Our ﬁndings indicate that digital music piracy does not
negatively affect digital music purchasing behavior. Taken
at face value, this means that although there is trespass-
ing of copyright, there is unlikely to be much harm done
on digital music revenues. However, because our analysis
is only conﬁned to the digital segment of the music in-
dustry, our results do not enable us to draw implications
at the industry-wide level. While digital music revenues
to record companies are growing substantially, music con-
sumption in physical format has until recently accounted
for the lion’s share of total music revenues.4 If piracy leads
to substantial sales displacement of music in physical for-
mat, then its effect on the overall music industry revenues
may well still be negative.
The remainder of the paper is organized as follows.
Section 2 summarizes the underlying theory as well as the
relevant literature on the subject. It presents the results
of the main empirical studies on the effects of piracy and
streaming on record sales. Section 3 presents the data and
the different variables used in the estimation. Section 4
presents our empirical approach and the results of our es-
timations. Finally, Section 5 concludes.
2. Theory and related literature
Economic theory does not provide a clear prediction
for how unlicensed downloading should affect licensed
music consumption. The crucial point is to know whether
unlicensed consumption (the downloading of an album4 Digital revenues increased more than 1000% during the period 2004–
2010 (IFPI, 2011). In 2013, digital revenues grew by 4.3% to an estimated
US$5.9 billion. Digital channels accounted for 39% of global industry rev-
enues, and for more than 50% in three of the world’s top 10 markets
(IFPI, 2014). Digital music revenues surpassed sales of traditional CDs and
records for the ﬁrst time in the UK in the ﬁrst quarter of 2012, see http:
//www.guardian.co.uk/media/2012/may/31/digital-music-spending-bpi.
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sumption (the purchase of that same album or song) in
the absence of unlicensed consumption channels. If the
albums consumed through unlicensed channels are valued
above their price by the consumer, then there is indeed
sales displacement: the consumer would have bought
the album had she not downloaded it. If, however, the
consumer’s valuation is below the album’s price, then no
sales displacement occurs: the consumer would not have
bought the album had she not downloaded it. Given the
heterogeneity of consumers, the willingness to pay will be
above the market price for some and below the market
price for others, leading to an average displacement rate
between zero and one. Considering this simple static
conﬁguration, it follows that the availability of unlicensed
music consumption channels unambiguously increases
welfare.5 All instances of sales displacement will simply
convert some of the producers’ revenues into consumers
surplus, while unlicensed consumption from low valuation
individuals (individuals with valuations lower than the
price) will increase consumer surplus without hurting
revenues (Rob and Waldfogel, 2006; Waldfogel, 2010).
Unlicensed music consumption could also, in theory,
stimulate licensed music consumption. Since music is an
experience good, ﬁle sharing can allow consumers to sam-
ple speciﬁc songs or albums which can inform them on
what to buy. Similarly, the sampling of a speciﬁc song may
stimulate individual demand for other songs by the same
artist (Belleﬂamme and Peitz, 2010; Peitz and Waelbroeck,
2006; Shapiro and Varian, 1999).
Note that these considerations are also true for on-
line music streaming. On the one hand, consumers may
consider music consumed as streams as a perfect sub-
stitute for licensed purchases of digital music. In that
case, sales displacement would occur if songs consumed
through streaming are valued above their market price, but
not if the consumer’s willingness to pay is below it. On
the other hand, music streaming can be used as a sam-
pling device to inform consumers about which products to
purchase. Related, it could also be used as a music dis-
covery tool. While consumers’ channels of music discov-
ery were previously dominated by traditional radio sta-
tions (Hendricks and Sorensen, 2009) they now comprise
many other options such as music blogs or social web-
sites (Dewan and Ramaprasad, 2012; Waldfogel, 2013). Mu-
sic streaming websites could also serve such purpose and
could, in that case, stimulate digital music sales.
Given all these considerations, the question of whether
consumers’ ability to illegally obtain free recorded mu-
sic and to stream music online displaces licensed music
consumption remains an empirical one. While very few
empirical studies have analyzed the effect of online mu-
sic streaming on digital music sales, an important and
still growing amount of research has explored the ques-
tion of sales displacement by music piracy. But measur-
ing the effect of unlicensed downloading on licensed mu-
sic sales is an inherently diﬃcult exercise, mainly for two
reasons. First, unlicensed downloading is an illegal behav-5 Note that this leaves out the dynamic considerations of the issue.ior, which renders is measurement diﬃcult. It is therefore
not easy to obtain data on unpaid consumption nor to link
it to data on paid music consumption. Second, assuming
that such data is available, identifying the causal effect of
downloading on licensed purchases is made diﬃcult by the
non-experimental nature of the data. The main challenge
to overcome is the existence of unobserved heterogeneity
that renders the variable measuring unlicensed download-
ing potentially endogenous.
Empirical researchers have pursued different types of
strategies to come around these diﬃculties. A ﬁrst set of
papers uses time series data at the geographic level in
order to compare the music sales levels in different lo-
cation over time. The main idea is then to ask whether
places with higher levels of piracy (typically proxied by
measures of Internet broadband penetration) present lower
levels of sales. Some studies following this approach in-
clude Hui and Png (2003), Peitz and Waelbroeck (2004),
Zentner (2009) and Liebowitz (2008), all of which ﬁnd
some displacement of physical music purchases by unli-
censed downloads.
A second category of papers uses product level data (i.e.
record data) to see whether records that are downloaded
more are purchased more or less. Because both licensed
and unlicensed consumption is driven by the popularity
of the product in question, some researchers have used
instrumental variables to identify the effect of piracy on
sales. In a widely cited paper, Oberholzer-Gee and Strumpf
(2007) construct a weekly panel of album sales and unli-
censed downloads. They use the number of German sec-
ondary school students who are on holidays in speciﬁc
weeks as instruments for downloads and ﬁnd that ﬁle
sharing has an effect on sales that is statistically indis-
tinguishable from zero. In a more recent recent study,
Hammond (2014) identiﬁes the effect of ﬁle-sharing on al-
bum sales by exploiting the variation in albums’ availabil-
ity on unlicensed ﬁle-sharing networks before their oﬃcial
release. He ﬁnds that the causal effect of ﬁle sharing of an
album on its sales is essentially zero.
The third approach used in the empirical literature is
to use individual-level (survey) data, asking whether con-
sumers who engage in unlicensed music consumption en-
gage in more or less paid consumption. Because individuals
who like music may like to consume it through licensed
and unlicensed channels, the presence of unobserved char-
acteristics across individuals (in particular music taste) is
an important obstacle to the identiﬁcation of the causal ef-
fect of unlicensed downloading on licensed purchases. Us-
ing a survey administered to U.S. university students in
2003, Rob and Waldfogel (2006) rely on an instrumental
variable approach using access to broadband as a source of
exogenous variation in downloading. They ﬁnd that each
album download reduces purchases by about .2 in their
sample. Zentner (2006) follows a similar approach using a
cross-section of 15,000 European individuals in 2001. In-
strumenting for piracy using Internet connection speed as
well as levels of Internet sophistication, he ﬁnds that peo-
ple who self-report downloading music are also less likely
to have recently purchased music.
Using survey data is, of course, not a perfect solution.
As highlighted by Smith and Telang (2012), there are two
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an approach. First, the conclusions are, inevitably, tied to
the chosen sample. This is problematic if one believes that
the sample is not representative of the overall population
of interest. Although a study based on a sample of univer-
sity students may still lead to insightful results, one cannot
generalize them to a population other than the one of col-
lege students. Second, surveys can be affected by inaccu-
rate recall or obfuscation from the respondents. In partic-
ular, individuals my voluntarily under- or over- represent
their actual purchase or illicit behavior.
All of the above studies use data drawn from times in
which the standard licensed option offered by the music
industry was a physical CD. While some speciﬁc papers fail
to ﬁnd evidence of sales displacement, the emerging con-
sensus on the effect of piracy is that unpaid consumption
depresses physical music sales. The displacement effects
found are, however, typically less than 1, indicating that
much of what is downloaded would not have been pur-
chased in the absence of unlicensed consumption channels.
With the emergence of digital options allowing licensed
purchases of individual songs (as opposed to entire al-
bums), the willingness to pay for music may have changed
for some consumers. In the absence of à la carte options,
an individual interested in a few songs from a given artist
may not consider buying the entire album (which also con-
tains unknown songs). She may therefore decide to acquire
them illegally at zero price when she may still be willing
to pay for the songs individually. The effect of download-
ing on music purchases may therefore be different accord-
ing to the licensed digital music consumption alternatives
offered to consumers. From that perspective, understand-
ing individuals’ music consumption behavior in the digital
era is crucial.
A growing literature has analyzed the effects of unli-
censed music consumption on digital music sales. A set
of papers has used natural experiments to identify this
causal effect. Danaher et al. (2014) study the impact of
the HADOPI graduated response law in France on con-
sumer behavior. Using a difference-in-differences setting,
they compare iTunes music sales in France to sales in a
set of other European countries that were unaffected by
this law. They ﬁnd that HADOPI caused a 22.5% increase
in song sales and a 25% in album sales relative to sales in
the control group, which is consistent with Internet piracy
displacing licensed iTunes sales.
Other papers use individual survey data to analyze the
question. Waldfogel (2010) analyzes the effect of piracy on
digital music sales using two surveys of undergraduate col-
lege students. He ﬁnds, however, that the rate of sales dis-
placement in both samples is similar to the one observed
before licensed digital options were available. More specif-
ically, each additional downloaded song is found to re-
duce paid consumption by between a third and a sixth
of a legally purchased song. It is worthwhile mentioning
that the songs considered in his analysis are mostly popu-
lar songs.6 To the extent that displacement rates differ for6 In each of the two surveys used in the analysis, students were asked
about their consumption of 50 speciﬁc songs. These included the currentsongs located at different points of the sales distribution,
the results of this study may only give a partial answer on
the effect of piracy on digital music sales. Zhang (2014) re-
lates to this point by using a large sample of albums that
include hits as well as niche albums. She ﬁnds that re-
laxing sharing restrictions through the removal of digital
rights management (DRM) technology increases the sales
of albums located in the long tail of the distribution but
does not beneﬁt top-selling albums. Because the removal
of DRM allows for lower search costs, they also facilitate
the discovery of products in the long tail. In a recent study
using survey data on a sample of 2,000 French individuals,
Bastard et al. (2014) ﬁnd that while piracy has a negative
effect on the probability to purchase music in CD format, it
has a positive effect on the probability of downloading mu-
sic legally. Hence licensed music downloading and piracy
are complements rather than substitutes in their sample.
The existing studies analyzing the effect of piracy on
sales in times when consumers are offered licensed digi-
tal alternatives therefore offers rather mixed results. Given
the growing importance of both digital music markets and
copyright protection in the promotion of innovation and
welfare, this scarce amount of evidence calls for further re-
search on that crucial question.
As opposed to the large literature on the effects of
piracy on music sales, fewer papers have dealt with the
effects of music streaming. Nguyen et al. (2013), based on
survey data on 2000 French consumers, ﬁnd that consum-
ing music as streams has no signiﬁcant effect on CDs pur-
chases. Hiller (2015) exploits the removal of Warner Mu-
sic content from YouTube between January and October
of 2009, and ﬁnds a substantial sales displacement effect
of YouTube consumption on best-selling albums. His re-
sults also show that this effect diminishes quickly with
the album’s ranking. In particular, he ﬁnds no evidence
of sales displacement when focusing on the albums be-
low the top 50. Kretschmer and Peukert (2014) take advan-
tage of a royalty dispute between the YouTube video plat-
form and the German collecting society and performance
rights organization GEMA which has led to the blocking
of videos containing music in Germany. Comparing sales
in Germany to sales in nine other countries where mu-
sic videos are not restricted, they ﬁnd that online music
videos trigger sales of album, but have no effect on the the
sales performance of individual songs. Exploiting the im-
portant growth of Spotify between 2013 and 2015, Aguiar
and Waldfogel (2015) show a signiﬁcant displacement ef-
fect of the streaming service on digital music sales. Finally,
Aguiar (2015) relies on clickstream data for a sample of
5000 French Internet users and on the introduction of a
listening cap by the streaming platform Deezer to identify
the causal effect of free streaming on digital music pur-
chasing behavior. He ﬁnds that free streaming through the
French platform stimulates visits to digital music purchas-
ing websites, indicating that music streaming can serve as
a channel for the discovery of new products.top 25 songs based on iTunes sales at the time of the survey, the top 10
songs that has appeared in a prior survey, and 15 songs randomly drawn
from those ranked 26–100.
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8 This subset of 783 websites accounted for a total of 4,980,180 clicks,
while the overall number of 2763 websites collectively accounted for a
total of 5,078,274 clicks. By focusing on the most visited websites, we are
therefore covering more than 98% of the total clicks from 2011. Notice
that the total number of clicks is calculated over the whole database. A3. Data and variables
3.1. The data
Our clickstream data come from Nielsen NetView,
which is Nielsen’s Internet audience measurement service.
It uses metered measurement of representative panels of
Internet users to track usage across websites. Our sample
contains information on 5000 individuals for each of the
ﬁve largest European economies: France, Germany, Italy,
Spain and the UK.7 The original database contains all the
clicks of each of the 25,000 individuals for the period go-
ing from January 1st, 2011 to December 31st, 2011. For
each of these clicks, we observe the URL of the webpage
visited and the time at which it was visited, the duration
of time that the webpage is viewed and a classiﬁcation of
the webpage according to its content. There is a total of 15
different categories, which contain a total of 83 subcate-
gories. We also observe demographic information on each
user, such as gender, age, education, occupation, household
income, household size, presence of children in the house-
hold and region of residence.
Several features of our data allow us to contribute
to the existing literature presented above. First, we have
access to a sample of Internet users that is representative
of the online population. As opposed to studies based on
speciﬁc samples (e.g. college students), the results of our
analysis therefore need not be restricted to a particular
part of the population. Second, contrary to studies based
on individual surveys, our data does not rely on subjective
assessment from Internet users but on actual consumption
patterns. In particular, browsing activity of Internet users
allow us to construct many speciﬁc variables (such as
proxies for interest in music) that will allow us to control
for otherwise unobserved individual characteristics. The
panel dimension of our data also allows us to further
control for time invariant unobservables. Third, our anal-
ysis is not conﬁned to the consumption of music coming
from a particular segment of the sales distribution. While
we are unfortunately not able to observe which songs
are consumed by the individuals in our sample, our data
covers the consumption of any kind of music.
3.1.1. Music consumption websites
The main task in our database construction requires
the identiﬁcation of websites related to music consump-
tion, i.e. websites whose direct purpose is the listening of
music. These can take several forms, which constitute our
different categories of music consumption: music down-
loading, music streaming, music-video streaming, and ra-
dio. The downloading and streaming categories can further
be divided into licensed and unlicensed websites. We start
by identifying a broad number of webpages that could po-
tentially fall into this category and identify 2763 such po-
tential music consumption websites in our database. From
these, we need to manually identify actual music con-
sumption websites and classify them into one of the cat-
egories mentioned above. To facilitate this task, we restrict7 For each of these countries, the sample is representative of the online
population in terms of gender and age.our attention to the websites that had received more than
300 clicks during 2011, leaving us with a total number of
783 websites to check and classify manually.8 After check-
ing and classifying these 783 potential music consumption
websites, we end up with a total of 464 music consump-
tion websites.
It is important to note that we are only able to observe
the number of clicks on a given website and that we do
not have a precise description of the individual behavior
for each click. Rather than measuring actual consumption
or purchases, our data therefore gives a measure of the
propensity to consume music. We believe, however, that
this is still a good approximation to actual consumption.
We see no speciﬁc reason for which an individual would
go on a music-consumption website with other purposes
than to consume music. While this is especially true for
unlicensed downloading and licensed streaming websites,
the proportion of clicks that lead to a purchase for visits
on licensed purchasing websites could be expected to be
lower due to simple browsing activity. Still, we believe that
this (possibly) lower fraction of purchasing-clicks does not
reﬂect any particular individual characteristic. In particular,
we do not expect individuals to go window-shopping on li-
censed purchasing websites in order to illegally download
after their visit. First, information on speciﬁc albums, songs
or artists can be found on other music-speciﬁc websites,
so it is not clear why consumers should use licensed pur-
chasing websites for such purposes. Second, we believe in-
formation on songs’ prices to be almost perfectly known to
consumers before they go on licensed purchasing websites,
ruling out visits solely related to price information seek-
ing. These features of our data nevertheless suggest that
our variables of interest are measured with some errors.
Our coeﬃcient may therefore suffer from attenuation bias,
which would potentially bias them toward zero.
Our analysis is also affected by another related feature
of the dataset. Many large retailers sell, among many other
products, music in digital format. Among these large re-
tailers, Amazon and its Amazon MP3 store is probably the
website mostly used for digital music consumption. Al-
though our inability to observe precise consumer behav-
ior within each website prevents us from classifying every
visit to large retailers’ websites into a music consumption
category, we were able to identify the speciﬁc visits to the
Amazon MP3 pages.9 We therefore have a valid measure of
digital music consumption via Amazon. Last, visits on un-
licensed peer-to-peer ﬁle sharing websites do not allow us
to differentiate between the ﬁle sharing of music ﬁles and
other types of ﬁles such as movies or books. We believe,
however, that this variable is still a very good proxy for
the ability to obtain recorded music without paying.total of 300 clicks therefore means less than 1 visit a day among 25,000
individuals in 5 different countries, a rather small number.
9 We thank Jörg Claussen and Christian Peukert for their help in ac-
complishing this task.
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Table 1
Individual characteristics: music usersa.
No. of individuals % Cumul. %
Country
France 3416 20.6 20.6
Germany 3264 19.7 40.3
Italy 3284 19.8 60.0
Spain 3665 22.1 82.1
UK 2964 17.9 100.0
Gender
Female 8066 48.6 48.6
Male 8527 51.4 100.0
Age category
10–15 705 4.2 4.2
16–25 2074 12.5 16.7
26–30 1674 10.1 26.8
31–40 4349 26.2 53.0
41–50 3984 24.0 77.1
51–60 2403 14.5 91.5
61–75 1404 8.5 100.0
Employment
Employed 9542 57.5 57.5
Out of labor force 2847 17.2 74.7
Self employed 1408 8.5 83.1
Student 1392 8.4 91.5
Unemployed 1404 8.5 100.0
Education
Primary 4481 27.0 27.0
Secondary 4278 25.8 52.8
Terciary 7834 47.2 100.0
Household income
Low 3720 22.4 22.4
Medium 10317 62.2 84.6
High 2556 15.4 100.0
Household size
1–2 8417 50.7 50.7
3–4 6764 40.8 91.5
5+ 1412 8.5 100.0
Buyer
No 7780 46.9 46.9
Yes 8813 53.1 100.0
Streamer
No 6130 36.9 36.9
Yes 10463 63.1 100.0
Downloader
No 4760 28.7 28.7
Yes 11,833 71.3 100.0
Total 16,593 100.0
a The sample includes all music users, i.e. individuals that either
buy, stream or download. Buyers are deﬁned as individuals that
clicked on at least one licensed downloading website during 2011.3.1.2. Variables
Our econometric speciﬁcation requires the construction
of a set of variables that measure the determinants of li-
censed digital music purchasing behavior. Aside from the
type of individual socioeconomic characteristics mentioned
above, we need variables related to the individual’s online
activity. First, we expect some other forms of entertain-
ment to be related to the consumption of digital music.
For each individual, we therefore consider the number of
clicks on websites related to the following activities: on-
line shopping, books & magazines, events, cinema, and CDs
purchase.10 Second, we can use information on the vis-
its to speciﬁc types of website as a proxy for individuals’
taste for music. Individuals with a strong interest in mu-
sic are indeed more likely to visit music-related websites
such as radio and music-video websites. We will therefore
use this measure as a ﬁrst proxy capturing each individ-
ual’s interest in music. We also consider websites that are
related to music but not to direct music consumption. We
measure the visits to music-related websites as the num-
ber of clicks on websites belonging to the music category
(after removing the previously identiﬁed websites that are
related to direct music consumption). These include web-
sites related to music news, songs’ lyrics or musical instru-
ments and will provide us with a second proxy for individ-
ual’s taste in music. We ﬁnally also consider a variable that
gives the total time spent online (i.e. on all the websites of
our dataset).
Because the purpose of our study is to analyze the ef-
fect of both unlicensed downloading and licensed music
streaming on digital music purchasing behavior, we focus
on individuals that are involved in either one of these
three activities. We therefore restrict our sample to indi-
viduals who consume music through either one of these
channels, meaning that we leave out the individuals that
never visited one of these speciﬁc music consumption
websites during 2011. We consider individuals aged be-
tween 10 and 75, and after dropping individuals with miss-
ing values, we are left with a total of 16,593 individuals.11
Because we observe the online activity of each individ-
ual at any point in time, our panel can be constructed at
any possible time dimension. In our analysis, we will work
with a panel constructed at the monthly level, providing
us with a total of 199,114 observations.10 Books & magazines websites are sites that contain information, prod-
ucts, and/or services speciﬁcally on books and/or magazines. Events web-
sites are sites that contain information and/or tickets sales speciﬁcally
on physical events. Cinema websites are sites that contain information,
products, and/or services speciﬁcally on movies, videos, and/or any other
products and services associated with the movie industry. CDs purchase
websites are sites that allow the purchase of CDs and LPs. These are
rather speciﬁc websites that sell either collectibles or limited edition CDs.
They are not websites from large retailers where one could ﬁnd any type
of CD. The latter type of website is included in the online shopping cat-
egory. We are unfortunately not able to identify the visits related to CDs
from the ones related to other types of goods on these websites.
11 Missing values come mainly from the demographic variables, where
some individuals failed to respond.
Streamers are deﬁned as individuals that clicked on at least one li-
censed streaming website during 2011. Downloaders are deﬁned as
individuals that clicked on at least one unlicensed music website
during 2011.3.2. Descriptive statistics
The following subsection presents some characteristics
of the individuals in our sample. We then look at descrip-
tive statistics on the online music consumption behavior
for these individuals.
3.2.1. Music users characteristics
Table 1 presents some characteristics of the music users
that constitute our ﬁnal sample. Individuals are, not sur-
prisingly, quite evenly distributed among the 5 different
countries and in terms of gender. Half of the individuals
L. Aguiar, B. Martens / Information Economics and Policy 34 (2016) 27–43 33
N = 16593
Buyers 
Streamers
(53 %)
(63 %)
 (71 %)
 Downloaders
1417
9 %
 1751
 11 %
1592
10 %
 4298
 26 %
 3032
 18 %
 1506
 9 %
 2997
 18 %
Fig. 1. Composition of the sample by types of music consumer.in the sample have between 31 and 50 years of age, while
more than 25% is less than 30 years old.12 More than 65%
of the individuals is employed, with 8.5% being self em-
ployed, 8.4% are students, and 17% are out of the labor
force.13 The unemployment rate in our sample is of 8.5%.
Education level is decomposed into three categories: Pri-
mary, secondary and tertiary. 27% of the sample has no
more than a primary level of education, and more than
a quarter has a secondary level of education. The remain-
ing 47% has a tertiary education level. Total household in-
come is divided into three categories.14 Twenty-two per-
cent of the sample has a low household income; 62% has a
medium family income; and the remaining 15% has a high
household income. Half of the individuals in the sample
form part of a less-then-two-people household, while 41%
belong to a household of 3 to 4 people. The remaining 8.5%
belongs to households of 5 or more individuals.
In terms of music consumption, 53% of the individuals
has clicked at least once on a licensed music purchasing
website. More than 63% of the sample has clicked at least
once on a licensed streaming website, while more than
71% of the sample has clicked at least once on an unli-
censed downloading website during 2011. Note that these
different types of music consumers are not mutually ex-
clusive. Fig. 1 describes the distribution of music consumer
types in the sample and reveals that less than 40% of the
music consumers belong to a single category. Twenty-six
percent of the consumers actually belong to the 3 cate-
gories. More than 60% belong to at least two categories,
and 53% of the sample consumes both licensed and unli-
censed digital music. Finally, note that 18% of the individ-
uals in the sample have only clicked on unlicensed down-
loading websites.12 The mean age in the sample is 39.8.
13 These include children under 16, retired, homemakers, full-time carer
(of someone in the household) or individuals out of the labor force for
other reasons.
14 For France, Germany, Italy and Spain the income ranges are as fol-
lows. Low: Less than 18,000 EUR a year. Medium: Between 18,000 and
54,000 EUR a year. Large: More than 54,000 EUR a year. For the UK, the
income ranges are as follows. Low: Less than 15,000 GBP a year. Medium:
Between 15,000 and 50,000 GBP a year. High: More than 50,000 GBP a
year.3.2.2. Clicks
We now take a closer look at the behavior of the dif-
ferent types of individuals in our data. We can obtain a
measure of music consumption intensity by looking at the
number of times a consumer clicks on a given website or
on a category of speciﬁc websites. Table 2 presents the
mean number of monthly clicks on the different categories
of websites (licensed purchasing, licensed streaming and
unlicensed downloading) as well as the mean number of
active months for the individuals in our ﬁnal sample.15
Several interesting patterns emerge when looking at in-
dividuals by country. In particular, Spain shows a much
larger number of clicks on unlicensed downloading web-
sites than the other remaining countries, and the lowest
number of monthly clicks on licensed music websites. Italy
and the UK also show larger number of visits on unli-
censed websites. Gender differences are also important in
terms of unlicensed clicks, but not so much for licensed
(purchase and streaming) websites. Males show a much
larger number of monthly clicks on unlicensed music web-
sites. In terms of age, individuals between 16 and 25 also
have an above average number of monthly visits on unli-
censed music websites, with a rather low number of visits
on licensed pages. The same observation holds for students
(and to a lesser extent for unemployed) when compared to
individuals with other employment status. The mean num-
ber of clicks on unlicensed downloading websites is sub-
stantially lower for higher income categories.
The ﬁgures show that non-downloaders (individuals
that never clicked on an unlicensed music website dur-
ing 2011) are, on average, active more than 2.5 months
a year, while downloaders are active almost 6 months a
year. More interestingly, downloaders are as active as non-
downloaders in terms of licensed downloading and even
more active in terms of licensed streaming (55% more
clicks), as shown by their mean values of clicks. Compar-
ing streamers and non-streamers (individuals that never
clicked on a streaming music website during 2011) shows
that streamers click more than twice as much on licensed
downloading websites, while their clicks on unlicensed
downloading websites is almost twice as large than for
non-streamers. These simple comparisons of means show
positive relationships between the different consumption
channels and suggest, not surprisingly, that music taste is
an important determinant of digital music consumption. In
other words, one should expect people who like music to
consume more of it, whether it is through licensed pur-
chases, unlicensed downloading, or licensed streaming.
4. Empirical approach
Our goal is to answer two broad sets of questions.
First, we are interested in looking at the determinants of
digital music purchasing, unlicensed downloading, and li-
censed streaming behavior. The motivation for this de-
scriptive exercise is to understand better the demographic
characteristics that drive music consumption through these15 An active month is deﬁned as a month in which the individual visited
at least one of the three categories. Note that this deﬁnition does not take
into account the intensity of clicks within an active month.
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Table 2
Monthly click activitya.
Mean N
Active months Purchasing Streaming Downloading All N
Country
France 4.87 1.71 3.46 6.48 11.64 40,992
Germany 4.55 2.05 1.64 5.91 9.63 39,168
Italy 4.68 0.24 1.12 7.97 9.36 39,408
Spain 5.90 0.19 2.35 10.38 13.12 43,980
UK 4.59 1.25 2.95 7.74 11.94 35,568
Gender
Female 4.58 1.10 2.22 5.75 9.12 96,792
Male 5.29 1.03 2.38 9.64 13.12 102,324
Age
10–15 3.94 0.64 1.99 3.75 6.39 8,460
16–25 6.03 0.64 3.74 10.40 14.86 24,888
26–30 5.83 1.63 3.22 10.55 15.48 20,088
31–40 5.22 1.02 2.33 8.39 11.80 52,188
41–50 4.76 1.33 2.12 7.27 10.77 47,808
51–60 4.26 0.96 1.42 6.65 9.07 28,836
61–75 3.65 0.87 1.18 3.73 5.80 16,848
Employment
Employed 5.00 1.21 2.24 8.02 11.54 114,504
Out of labor force 4.11 0.85 1.88 5.14 7.89 34,164
Self employed 4.73 0.99 1.48 6.55 9.09 16,896
Student 6.02 0.55 3.44 10.16 14.20 16,704
Unemployed 5.46 1.18 3.23 9.98 14.46 16,848
Education
Primary 4.71 1.44 2.23 7.09 10.81 53,772
Secondary 5.10 0.74 2.13 8.80 11.75 51,336
Terciary 5.00 1.03 2.43 7.55 11.07 94,008
Household income
Low 5.39 1.21 2.90 9.52 13.73 44,640
Medium 4.93 0.99 2.05 7.70 10.78 123,804
High 4.36 1.18 2.46 5.38 9.05 30,672
Household size
1–2 5.09 1.31 2.44 8.24 12.04 101,004
3–4 4.83 0.82 2.03 7.28 10.19 81,168
5+ 4.63 0.81 2.79 7.07 10.70 16,944
Children
No 5.08 1.15 2.49 8.25 11.96 131,004
Yes 4.69 0.91 1.94 6.78 9.67 68,112
Non-downloader 2.64 1.08 1.65 – 2.74 57,120
Downloader 5.87 1.06 2.56 10.86 14.57 141,996
Non-streamer 3.34 0.63 – 4.80 5.44 73,560
Streamer 5.89 1.33 3.65 9.48 14.53 125,556
Total 4.95 1.07 2.30 7.75 11.17 199,116
a Purchasing, Streaming and downloading clicks are deﬁned as clicks on a licensed downloading, licensed
streaming and unlicensed downloading websites, respectively. Streamers are deﬁned as individuals that
clicked on at least one licensed streaming music website during 2011. Non streamers are deﬁned as indi-
viduals that never clicked on licensed streaming music website. Downloaders are deﬁned as individuals that
clicked on at least one unlicensed downloading music website during 2011. Legals are deﬁned as individuals
that never clicked on an unlicensed music websites. The ﬁgures in the table represent the mean number of
monthly clicks.different channels. Our second objective is to see to what
extent these different channels are related to each other. in
particular, we revisit the sales displacement question and
ask whether unlicensed music downloading is used as a
substitute for licensed digital music consumption. Finally,
we are interested in the effect of licensed streaming on
digital music purchasing behavior.
4.1. Determinants of music consumption
We start by looking at the determinants of our three
different music consumption channels. The empirical lit-
erature on the determinants of digital music consumptionis rather thin. In particular, very few studies have ana-
lyzed the factors that inﬂuence the licensed consumption
of digital music such as online purchases or online stream-
ing. However, most of the papers that analyze sales dis-
placement of digital music also provide some evidence on
the factors inﬂuencing purchases. In general, age does not
seem to affect purchasing behavior and no signiﬁcant nor
systematic difference is found between males and females.
Income is, however, positively correlated with online sales
of digital music (Bastard et al., 2014; Cecere et al., 2012;
Waldfogel, 2010). Unsurprisingly, all studies show that li-
censed consumption of online music is increasing in the
individuals’ interest for music.
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sumption are also rather limited, although papers analyz-
ing music sales displacement again provide some evidence
on factors affecting online piracy (Waldfogel, 2010; Zent-
ner, 2006). Clearer patterns emerge from this literature.
Gender seems to matter in terms of music piracy behavior,
with males being much more active. In a large sample of
European consumers, Zentner (2006) ﬁnds that online mu-
sic piracy is negatively correlated with both education and
income, although not signiﬁcantly so for the latter. Again
unsurprisingly, all studies show that there is a strong cor-
relation between unlicensed music consumption and inter-
est in music.
While the existing empirical literature on the factors in-
ﬂuencing digital music piracy is scarce, there is a rather
important body of literature analyzing the determinants of
digital piracy of other sorts of products such as software.
Looking at the patterns found in these studies may there-
fore be informative to further investigate the determinants
of online music piracy. According to this literature, some
of the most relevant factors inﬂuencing piracy are income,
cultural differences, past behavior or habit formation, and
the legal setting.16 The vast majority of studies ﬁnds that
income is negatively correlated with digital piracy. Culture
also plays an important role. Marron and Steel (2000) ﬁnd
that countries characterized by individualist cultures have
higher software piracy rates than countries with a collec-
tivist culture. They also ﬁnd that piracy rates are lower in
countries that have strong institutions that enforce con-
tracts and protect property from expropriation. Another
set of studies uses individual data to study the factors
that determine piracy behavior.17 They also conﬁrm that
piracy is negatively correlated with income and show that
it is generally higher for male than for females. Most of
these studies are based on college students’ surveys. As
such they do not allow for a clear analysis of the relation-
ship between education levels and piracy. Likewise, they
provide only limited evidence on the correlation between
age and piracy given that the range of ages is quite lim-
ited within such population. Studies analyzing this speciﬁc
question are therefore rather scarce. One exception is the
work of Mandel and Süssmuth (2012), who study a sam-
ple representative of the German working population with
high-speed Internet access.18 They, too, ﬁnd that frequency
of digital piracy is negatively correlated with income. Al-
though they ﬁnd no signiﬁcant gender difference in the
propensity to pirate, they ﬁnd that male individuals are
prone to pirate at a signiﬁcantly larger scale. Finally, their
ﬁndings indicate that individuals in their early twenties
(between 20 and 25 years old) are predominantly respon-
sible for the overall extent of digital piracy in their sample.
Using the cross-sectional dimension of our data, we
now turn to the analysis of the determinants of music
consumption through three different channels available to16 See Novos and Waldman (2013) for a review of the literature analyz-
ing the different factors determining piracy of intellectual property.
17 See for example Ramayah et al. (1990), Sims et al. (1996), Limayem
et al. (2004) and Ramayah et al. (2009).
18 Although they integrate it in their piracy measures, the authors do
not conﬁne their analysis to digital music piracy.consumers. Our objective is to describe how the number of
clicks on purchasing, unlicensed downloading and licensed
streaming websites vary across individuals in our sample.
We therefore estimate the following equation:
yki = α +Wiβ + Xiθ + εi, (1)
where for individual i, yk
i
is the (log of the) number
of clicks on websites of category k during 2011, with
k ∈ {Licensed Downloading, Unlicensed Downloading, Li-
censed Streaming}. The vector Xi includes a set of socioe-
conomic characteristics of individual i, Wi is a vector in-
cluding a set of variables related to the individual’s online
activity on other types of websites, and εi is an error term.
Table 3 presents the results of this exercise. Each col-
umn of the table presents the regression of the number
of clicks on the corresponding music consumption website
(i.e. either licensed purchasing, unlicensed downloading or
licensed streaming websites) on a large set of regressors
including demographic characteristics and visits to other
types of websites. Given the skewness of the data, we use
the logarithm of the number of clicks to measure the in-
tensity of visits to each speciﬁc website.19
Considering ﬁrst demographic characteristics, some
differences are worth noticing. As shown in the third and
fourth columns, licensed purchases of digital music raise
with household income and seem to be more prevalent
among males. Education, on the other hand, seems to have
no signiﬁcant effect on the licensed purchases of digital
music. In line with the results of the previous literature
presented above, there is a strong negative correla-
tion between income level and unlicensed downloading
activity - see columns 4 and 5. As in the case of licensed
purchases, digital music piracy seems to be a predomi-
nantly masculine activity and no clear pattern emerges on
its relationship with education levels. The determinants
of music consumption via online streaming services -
presented in the last two columns - show different pat-
terns. There seem to be no signiﬁcant gender nor income
differences in this speciﬁc mode of music consumption.
Education is, however, positively correlated with online
streaming of music. Finally, music consumption appears
to differ signiﬁcantly by age groups only when it is in
the form of unlicensed downloading or online streaming.
Individuals aged between 21 and 25 stand out as being the
most active in terms of unlicensed downloading while on-
line streaming seems to be an activity of the really young.
The country differences are remarkable for the three
modes of music consumption. In terms of purchases,
Spaniards and Italians have around 60% less clicks than
Germans, British have 40% less clicks and French 19% less.
These differences could relate to several characteristics
captured by our country dummies. First of all, not all of
the countries necessarily have the same availability of li-
censed digital purchasing websites, and purchasing a song
from another country’s website is not always feasible. The
same considerations hold when considering online stream-
ing services. For this latter mode of music consumption,
France stands out with 92% more clicks than Germany.19 We add 1 before taking the logarithm in order to avoid the loss of
observations.
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Table 3
Determinants of music consumptiona.
(P1) (P2) (D1) (D2) (S1) (S2)
Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e.
Female −0.017 −0.086d −0.597d −0.461d −0.066d −0.021
(0.02) (0.02) (0.03) (0.03) (0.02) (0.02)
Household size −0.080d −0.071d 0.005 −0.040 0.004 −0.004
(0.02) (0.02) (0.03) (0.03) (0.02) (0.02)
Medium income 0.108d 0.075d −0.085c −0.019 −0.025 −0.019
(0.02) (0.02) (0.04) (0.04) (0.03) (0.03)
High income 0.194d 0.146d −0.301d −0.138d 0.002 −0.005
(0.03) (0.03) (0.05) (0.05) (0.04) (0.04)
Secondary education 0.031 −0.007 −0.040 0.044 0.048 0.049
(0.03) (0.03) (0.04) (0.04) (0.03) (0.03)
Tertiary education 0.037 −0.021 −0.154d −0.039 0.162d 0.140d
(0.03) (0.03) (0.04) (0.04) (0.03) (0.03)
Children at home 0.016 0.012 0.090c 0.016 −0.077c −0.066c
(0.03) (0.02) (0.04) (0.04) (0.03) (0.03)
Out of labor force −0.004 0.006 −0.021 −0.074 −0.066b −0.068b
(0.03) (0.03) (0.05) (0.05) (0.04) (0.04)
Student −0.026 −0.034 0.007 0.006 0.067 0.041
(0.04) (0.04) (0.07) (0.06) (0.05) (0.05)
Unemployed −0.042 −0.013 0.008 −0.046 0.013 0.008
(0.03) (0.03) (0.06) (0.05) (0.04) (0.04)
Self employed 0.002 0.025 −0.197d −0.189d −0.050 −0.061b
(0.03) (0.03) (0.05) (0.05) (0.04) (0.04)
Spain −1.121d −1.015d 1.213d 1.246d 0.072c 0.001
(0.03) (0.03) (0.05) (0.05) (0.04) (0.04)
France −0.213d −0.209d 0.490d 0.333d 0.660d 0.650d
(0.04) (0.04) (0.05) (0.05) (0.04) (0.04)
Italy −1.034d −0.916d 0.968d 0.918d −0.451d −0.525d
(0.03) (0.03) (0.05) (0.05) (0.03) (0.04)
UK −0.522d −0.507d 0.172d 0.407d 0.064b 0.114d
(0.04) (0.04) (0.05) (0.05) (0.04) (0.04)
Age: 16–25 −0.029 −0.078 0.669d 0.643d −0.146b −0.149b
(0.06) (0.06) (0.10) (0.10) (0.08) (0.08)
Age: 26–30 0.123c 0.002 0.457d 0.548d −0.232d −0.185c
(0.06) (0.06) (0.10) (0.10) (0.08) (0.08)
Age: 31–40 0.215d 0.068 0.188c 0.428d −0.293d −0.206d
(0.06) (0.06) (0.09) (0.09) (0.07) (0.07)
Age: 41–50 0.231d 0.092 −0.006 0.302d −0.368d −0.280d
(0.06) (0.06) (0.09) (0.09) (0.07) (0.07)
Age: 51–60 0.174d 0.033 −0.195c 0.224c −0.332d −0.232d
(0.06) (0.06) (0.09) (0.09) (0.07) (0.07)
Age: 61–75 0.144c −0.008 −0.610d 0.013 −0.399d −0.286d
(0.06) (0.06) (0.09) (0.09) (0.07) (0.07)
Total online time 0.094d −0.014 0.187d −0.278d 0.125d 0.002
(0.01) (0.01) (0.01) (0.02) (0.01) (0.02)
Other music websites 0.148d 0.125d 0.187d 0.092d 0.250d 0.212d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Radio & music video websites 0.039d 0.038d 0.118d 0.023c 0.103d 0.076d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Unlicensed streaming website 0.046c 0.041c 0.439d 0.343d 0.210d 0.199d
(0.02) (0.02) (0.03) (0.03) (0.03) (0.03)
CD purchase websites 0.260d 0.227d 0.274d 0.215d 0.230d 0.224d
(0.03) (0.03) (0.04) (0.04) (0.03) (0.03)
Online store websites 0.086d 0.060d −0.021d
(0.01) (0.01) (0.01)
Books websites 0.039d 0.002 0.033d
(0.01) (0.01) (0.01)
Events websites 0.041d −0.050d 0.021d
(0.01) (0.01) (0.01)
Movies websites −0.007 0.317d 0.072d
(0.01) (0.01) (0.01)
Coupons websites 0.024d 0.038d −0.023d
(0.01) (0.01) (0.01)
Instant messaging websites −0.001 0.059d 0.045d
(0.01) (0.01) (0.01)
Personal webpage websites 0.000 0.261d 0.036d
(0.01) (0.01) (0.01)
(continued on next page)
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Table 3 (continued)
(P1) (P2) (D1) (D2) (S1) (S2)
Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e.
Global news websites −0.008 −0.098d 0.035d
(0.01) (0.01) (0.01)
Social networks websites −0.006 0.004 0.025d
(0.01) (0.01) (0.01)
Online gaming websites 0.000 0.060d −0.010c
(0.00) (0.01) (0.00)
Constant −0.308c 0.741d −1.311d 2.039d −1.010d −0.074
(0.12) (0.16) (0.20) (0.25) (0.15) (0.19)
Adjusted-R2 0.216 0.238 0.254 0.342 0.257 0.270
No. of individuals 16,593 16,593 16,593 16,593 16,593 16,593
No. of observations 16,593 16,593 16,593 16,593 16,593 16,593
a The dependent variable is the logarithm of the number of clicks on licensed digital music purchase websites (sec-
ond and third columns), unlicensed digital music downloading websites (fourth and ﬁfth columns), and licensed digital
music streaming websites (last two columns). All regressors referring to clicks on a given type of website are in log-
arithm. Total time online is the logarithm of the total time spent online during the year, in seconds. Robust standard
errors are in parenthesis. The reference country is Germany.
b Signiﬁcant at the 10% level.
c Signiﬁcant at the 5% level.
d Signiﬁcant at the 1% level.Spaniards have no more clicks than the German, while Ital-
ians have 40% less. The UK presents a small difference with
Germany in terms of streaming, with only 12% more clicks.
These differences are again possibly due to differences in
availability, especially given that online streaming services
were a relatively new music consumption mode in Euro-
pean countries in 2011. Individuals’ awareness of the ex-
istence of such services may therefore not be equal in all
countries, affecting their ultimate usage levels. The most
striking differences appear when looking at the determi-
nants of unlicensed downloading. Used as the reference
country, Germany shows the lowest level of visits on un-
licensed downloading websites. Compared to it, Spain and
Italy show important differences of 248% and 151% more
clicks respectively. Individuals from the UK have 50% more
visits while French individuals present a differential of 40%.
As mentioned above, several non-mutually exclusive expla-
nations could drive these important country differences.
Again, market forces, and in particular the limited access
to licensed digital purchasing websites, could inﬂuence the
unlicensed downloading activity of consumers.20 Second,
unobservable cultural characteristics could explain the use
of different types of music consumption channels. In par-
ticular, past behavior and cultural factors are, as high-
lighted above, important determinants of digital piracy. In-
dividuals from different countries may also differ in their
cultural norms or standards toward acceptable behavior
and may perceive differently the extent to which their
piracy behavior affects artists and/or producers. It may also
be the case that individuals more used to downloading
from unlicensed websites (say because licensed sources to
obtain digital music were not previously available) may
stick to this unlawful behavior as a consequence of habit
formation. Finally, previous literature showed how differ-
ent legal setting inﬂuence piracy behavior. Cross-country20 For the case of television content, Danaher et al. (2010) present evi-
dence that the lack of licensed channels can positively affect the level of
piracy.differences in individual piracy behavior may indeed also
be driven by differences in speciﬁc, national copyright en-
forcement laws (e.g. the HADOPI law in France). The im-
portant signiﬁcance of our country variables indicate that
all of these factors play an important role in the determi-
nants of online music consumption.
The three types of music consumption are positively
and signiﬁcantly increasing in the variables that capture
interest in music (visits on music related websites). This
unsurprisingly conﬁrms that individuals who like music
enjoy consuming more of it via the different channels
available. The coeﬃcients on the variables related to other
online activities present some differences as well. The vis-
its on book websites are positively correlated with pur-
chasing and streaming, but not with unlicensed down-
loading. Clicks on events websites are positively correlated
with purchasing and streaming, but negatively with down-
loading, and movies websites are positively correlated with
downloading and streaming. This is also true for visits on
types of websites related to instant messaging and per-
sonal webpages.
4.2. Displacement: downloading, streaming and purchases
We now turn to the effect of unlicensed downloading
and licensed streaming on licensed digital music purchas-
ing behavior. In particular, the question we want to answer
is how much does an instance of unlicensed downloading
(respectively licensed streaming) depress or stimulate
licensed digital music purchases. Ideally, we would like
to compare the licensed purchases of an individual who
has access to unlicensed downloading (licensed stream-
ing) with the licensed purchases of that same individual
in the hypothetical case in which she has no access to
unlicensed downloading (licensed streaming). This direct
comparison is obviously impossible, as no individual can
simultaneously be in these two scenarios. Since we only
observe consumers when they have access to unlicensed
downloading and licensed streaming, we have no way of
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had no access to those services.
We can start by asking whether individuals who visit
unlicensed downloading (licensed stream) websites more
also visit licensed purchasing websites more. The main
drawback from this simple approach comes from unob-
served individual characteristics, and in particular from
the fact that individuals differ in their taste for music.
Individuals who like music like to consume more of it
through the various channels available. This would give
rise to a positive relationship between downloading (re-
spectively streaming) and digital music purchases, regard-
less of whether a complementarity relationship exists.
Several approaches can be used to circumvent this
problem. One is to look for some measures of interest
in music in order to partially control for individual het-
erogeneity in music taste. We use information on online
behavior by considering the number of clicks on music-
related websites such as radio and music-video websites.
We also consider sites that are related to music, although
not to direct music consumption. These include websites
related to songs’ lyrics, musical instruments or music news
such as blogs. Note that, contrary to the indicators used in
previous studies, these variables have several advantages
as they are not the result of a subjective assessment from
the individual. In many survey-based studies, music taste
is measured by asking individuals about their music taste
on a numerical scale (Rob and Waldfogel, 2006; Waldfogel,
2010; Zentner, 2006). Such a measure is plagued with
several problems. Different people will assign different
meanings to it (a strong taste in music may not have the
same meaning for individual A than for individual B),
making it an imperfect indicator of music interest. Also,
category-based variables are less informative than vari-
ables that actually measure the strength of the factor of
interest. Our measure of music taste avoids this types of
problems. First, no self-assessment from the individual is
needed as it is the result of directly observed behavior.
Second, our data not only allow us to observe whether
an individual visited a given music-related website, it also
gives us a measure of the number of times such visit was
made. This gives us a better measure of the intensity of
the factor we want to capture, namely the interest in mu-
sic. We therefore believe our variables to be more reliable
indicators of music interest than standard survey-based
measures. Finally, the longitudinal structure of our data
also allows us to control for ﬁxed unobservable individual
characteristics, such as interest in music. To estimate the
effect of unlicensed downloading (licensed streaming) on
licensed purchasing behavior, we therefore consider the
following regression equation:
Pit = α +Witβ + δDit + γ Sit + ξt + μi + νit , (2)
where the unit of observation is now an individual per
month. We therefore regress the number of clicks on
licensed downloading websites made by individual i in
each month t on the number of that month’s clicks on
unlicensed downloading websites and licensed streaming
websites along with monthly time dummies ξ t. The vector
Wi includes a set of variables related to the individual’s
online activity on other types of websites - in particularthe visits to music related websites - and ν it is an error
term. Introducing individual ﬁxed-effects μi allows to
control for time invariant unobserved heterogeneity (such
as interest in music) and identiﬁes coeﬃcient δ (respec-
tively γ ) from the relationship between variation in the
tendency to click on licensed purchasing websites and
variation in the tendency to click on unlicensed download-
ing websites (respectively licensed streaming websites)
for each individual. Only within individual variation is
therefore used to identify our parameters of interest. Note
that this estimation strategy allows us to control for both
time invariant taste in music (captured in the individual
ﬁxed effects) and possibly time variant shocks to music
taste that are captured by the visits to the music-related
websites included in Wi. We cluster standard errors at
the individual level since the error term ν it is likely to be
correlated over time for a given individual.
Table 4 presents the results of the estimation of Eq. (2).
Note how each of the coeﬃcients of interest δ and γ de-
crease as we include our explanatory proxy variables for
music interest across speciﬁcations, conﬁrming again the
importance of controlling for these factors. As expected,
the coeﬃcients on the variables measuring visits to mu-
sic related websites - and therefore interest in music -
show up as positive and signiﬁcant. In our richest speci-
ﬁcation (last column) we obtain a statistically signiﬁcant
coeﬃcient estimate of 0.02 for our unlicensed download-
ing variable. In other words, a 10% increase in clicks on
unlicensed downloading websites is associated with a 0.2%
increase in clicks on licensed purchasing websites. This ef-
fect is larger for licensed streaming, with a 10% increase
in clicks on these websites being associated with a 0.48%
increase in clicks on licensed purchasing websites.
4.2.1. Country speciﬁc effects
The results presented in Table 3 describe remarkable
cross-country differences in the individuals’ number of
clicks on each of the three alternative music consump-
tion channels. As discussed above, several non-mutually
exclusive explanations related to country-speciﬁc charac-
teristics can drive these differences such as cultural traits,
market forces or the enforcement and effectiveness of
copyright-speciﬁc laws. All of these effects are captured by
our country-speciﬁc dummy variables and we are unfortu-
nately not able to identify the relative importance of these
different mechanisms. Nevertheless, it is natural to con-
sider that these country differences may also inﬂuence the
displacement rates of licensed purchases of digital music
by unlicensed downloading and licensed streaming. For in-
stance, individuals with different perceptions of piracy are
likely to have different music consumption habits. In par-
ticular, consumers with more permissive attitudes toward
piracy are probably more likely to substitute licensed con-
sumption of digital music by unlicensed consumption and
should therefore present higher displacement rates. Like-
wise, individuals coming from countries with more strin-
gent copyright laws could be affected by the latter when
deciding on consuming pirated content and may refrain
from using this type of consumption channel to a larger
extent. Because underlying country-speciﬁc characteristics
could lead to heterogeneity in displacement rates, we
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Table 4
Fixed effects estimationa.
(1) (2) (3) (4) (5) (6)
Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e.
Unlicensed downloading website 0.032∗∗∗ 0.026∗∗∗ 0.025∗∗∗ 0.025∗∗∗ 0.025∗∗∗ 0.020∗∗∗
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Licensed streaming website 0.064∗∗∗ 0.053∗∗∗ 0.051∗∗∗ 0.051∗∗∗ 0.051∗∗∗ 0.048∗∗∗
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Total online time 0.015∗∗∗ 0.012∗∗∗ 0.010∗∗∗ 0.010∗∗∗ 0.010∗∗∗ 0.002∗∗∗
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Other music websites 0.049∗∗∗ 0.046∗∗∗ 0.046∗∗∗ 0.045∗∗∗ 0.040∗∗∗
(0.00) (0.00) (0.00) (0.00) (0.00)
Radio & music video websites 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗ 0.016∗∗∗
(0.00) (0.00) (0.00) (0.00)
Unlicensed streaming website 0.006 0.006 0.005
(0.01) (0.01) (0.01)
CD purchase websites 0.119∗∗∗ 0.116∗∗∗
(0.02) (0.02)
Online store websites 0.015∗∗∗
(0.00)
Books websites 0.009∗∗∗
(0.00)
Events websites 0.004∗∗
(0.00)
Movies websites 0.009∗∗∗
(0.00)
Coupons websites 0.005∗∗∗
(0.00)
Instant messaging websites 0.006∗∗∗
(0.00)
Personal webpage websites 0.001
(0.00)
Constant −0.011 −0.001 0.003 0.003 0.003 0.015∗∗
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Adjusted-R2 0.320 0.325 0.326 0.326 0.326 0.328
No. of individuals 16,593 16,593 16,593 16,593 16,593 16,593
No. of observations 199,114 199,114 199,114 199,114 199,114 199,114
a The dependent variable is the logarithm of the number of clicks on licensed digital music purchase websites.
All regressors referring to clicks on a given type of website are in logarithm. Total time online is the logarithm
of the total time spent online during the month, in seconds. All speciﬁcations include month and individual ﬁxed
effects. Standard errors are in parenthesis and clustered at the individual level.∗ Signiﬁcant at the 10% level.
∗∗ Signiﬁcant at the 5% level.
∗∗∗ Signiﬁcant at the 1% level.
21 The difference between users from Germany and France are not sta-
tistically signiﬁcant. The difference between users from France and the
UK, Spain, and Italy are, however, statistically signiﬁcant.
22 As in the case of the coeﬃcients on the licensed streaming variable,
the difference between users from Germany and France are not statisti-expand Eq. (2) and estimate the following speciﬁcation:
Pit = α +Witβ + δDit +
∑
c∈C
δcDitCountryic + γ Sit
+
∑
c∈C
γcSitCountryic + ξt + μi + νit , (3)
where Countryic is a dummy variable equal to 1 if individ-
ual i is from country c ∈ {Spain, Italy, France, UK}. The pa-
rameter δc (γ c) measures the difference between the ef-
fect of downloading (streaming) on purchases in country c
compared to the effect of the same variable in Germany,
captured by δ (γ ).
Table 5 present the results of estimating equation (3).
The results show no evidence of sales displacement for
any of the ﬁve countries. Focusing on the relationship be-
tween licensed streaming and licensed purchases of digital
music, results show statistically signiﬁcant cross-country
differences. German users present the largest coeﬃcients
(about 0.087) followed by the French (0.077) and by UK
users (0.022). Users from Spain and Italy present elastici-ties of 0.012 and 0.017, respectively.21 Interestingly enough,
there seems to be no clear relationship between the inten-
sity of clicks on licensed streaming websites as presented
in Table 3 and the elasticities of licensed streaming. For in-
stance, while users from Spain have a much higher inten-
sity of clicks on licensed streaming websites compared to
Italian users, they show statistically indistinguishable coef-
ﬁcients in Table 5.
Although we ﬁnd no displacement of licensed pur-
chases by unlicensed downloading, the cross country
differences are, again, remarkable. Looking at the relation-
ship between unlicensed downloading and licensed pur-
chases, French users present the largest coeﬃcients (about
0.046) followed by the Germans (0.041) and by UK users
(0.026).22 The most striking difference appears for Spain
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Table 5
Fixed effects estimation, country interactionsa.
(1) (2) (3) (4) (5) (6)
Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e.
Unlicensed downloading website 0.053d 0.047d 0.045d 0.045d 0.045d 0.041d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Unlicensed download)x(Spain) −0.035d −0.035d −0.035d −0.035d −0.035d −0.036d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Unlicensed download)x(France) 0.003 0.005 0.006 0.006 0.006 0.005
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Unlicensed download)x(Italy) −0.037d −0.036d −0.036d −0.036d −0.036d −0.036d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Unlicensed download)x(UK) −0.015b −0.014b −0.015b −0.015b −0.015b −0.015b
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Licensed streaming website 0.104d 0.093d 0.092d 0.092d 0.091d 0.087d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Licensed streaming)x(Spain) −0.075d −0.075d −0.076d −0.076d −0.076d −0.075d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Licensed streaming)x(France) −0.012 −0.010 −0.011 −0.011 −0.011 −0.010
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Licensed streaming)x(Italy) −0.068d −0.069d −0.070d −0.071d −0.071d −0.070d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
(Licensed streaming)x(UK) −0.063d −0.064d −0.065d −0.065d −0.067d −0.065d
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Total online time 0.015d 0.011d 0.010d 0.010d 0.010d 0.002d
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Other music websites 0.049d 0.046d 0.046d 0.045d 0.040d
(0.00) (0.00) (0.00) (0.00) (0.00)
Radio & music video websites 0.021d 0.021d 0.021d 0.016d
(0.00) (0.00) (0.00) (0.00)
Unlicensed streaming website 0.018c 0.017c 0.016b
(0.01) (0.01) (0.01)
CD purchase websites 0.120d 0.116d
(0.02) (0.02)
Online store websites 0.015d
(0.00)
Books websites 0.009d
(0.00)
Events websites 0.004c
(0.00)
Movies websites 0.009d
(0.00)
Coupons websites 0.005d
(0.00)
Instant messaging websites 0.006d
(0.00)
Personal webpage websites 0.001
(0.00)
Constant −0.009 0.001 0.005 0.005 0.005 0.017c
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Adjusted-R2 0.322 0.327 0.327 0.327 0.328 0.330
No. of individuals 16,593 16,593 16,593 16,593 16,593 16,593
No. of observations 199,114 199,114 199,114 199,114 199,114 199,114
a The dependent variable is the logarithm of the number of clicks on licensed digital music purchase websites.
All regressors referring to clicks on a given type of website are in logarithm. Total time online is the logarithm of
the total time spent online during the month, in seconds. All speciﬁcations include month and individual ﬁxed
effects. Standard errors are in parenthesis and clustered at the individual level.
b Signiﬁcant at the 10% level.
c Signiﬁcant at the 5% level.
d Signiﬁcant at the 1% level.and Italy which show very small elasticities of 0.005. This
means that a 10% increase in the clicks on unlicensed
downloading websites is associated with almost no change
in visits to licensed purchasing websites for Spanish andcally signiﬁcant. The difference between users from France and the UK,
Spain, and Italy are, however, statistically signiﬁcant.Italian users. As already highlighted above, our coun-
try dummy variables capture any unobservable country-
speciﬁc characteristics that would affect individuals’ be-
havior toward music consumption. We can nonetheless try
to relate some of the important country differences that
we found in the determinants of digital music consump-
tion to the elasticities displayed in Table 5. Speculating be-
yond what our analysis allows us to show, the signiﬁcant
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Table 6
Fixed effects results, interaction with music tastea.
(1) (2) (3) (4)
Coef./s.e. Coef./s.e. Coef./s.e. Coef./s.e.
Unlicensed downloading website 0.020d 0.019d 0.014d 0.014d
(0.00) (0.00) (0.00) (0.00)
(Unlicensed downloading) x (other music websites) 0.006d 0.006d
(0.00) (0.00)
(Unlicensed downloading) x (radio & music videos websites) 0.001 −0.001
(0.00) (0.00)
Licensed streaming website 0.048d 0.039d 0.029d 0.027d
(0.00) (0.00) (0.00) (0.00)
(Licensed streaming) x (other music websites) 0.012d 0.011d
(0.00) (0.00)
(Licensed streaming) x (radio & music videos websites) 0.007d 0.003
(0.00) (0.00)
Other music websites 0.040d 0.040d 0.028d 0.029d
(0.00) (0.00) (0.00) (0.00)
Radio & music video websites 0.016d 0.011d 0.015d 0.014d
(0.00) (0.00) (0.00) (0.00)
Unlicensed streaming website 0.005 0.004 0.001 0.001
(0.01) (0.01) (0.01) (0.01)
CD purchase websites 0.116d 0.115d 0.109d 0.109d
(0.02) (0.02) (0.02) (0.02)
Online store websites 0.015d 0.015d 0.015d 0.015d
(0.00) (0.00) (0.00) (0.00)
Books websites 0.009d 0.009d 0.009d 0.008d
(0.00) (0.00) (0.00) (0.00)
Events websites 0.004c 0.004c 0.004b 0.004b
(0.00) (0.00) (0.00) (0.00)
Movies websites 0.009d 0.009d 0.010d 0.010d
(0.00) (0.00) (0.00) (0.00)
Coupons websites 0.006d 0.006d 0.006d 0.006d
(0.00) (0.00) (0.00) (0.00)
Instant messaging websites 0.006d 0.006d 0.005d 0.005d
(0.00) (0.00) (0.00) (0.00)
Personal webpage websites 0.001 0.001 0.001 0.001
(0.00) (0.00) (0.00) (0.00)
Online gaming websites −0.001 −0.001 −0.001 −0.001
(0.00) (0.00) (0.00) (0.00)
Total online time 0.002d 0.002d 0.002d 0.002d
(0.00) (0.00) (0.00) (0.00)
Constant −0.014c −0.015c −0.015c −0.015c
(0.01) (0.01) (0.01) (0.01)
Adjusted-R2 0.328 0.328 0.329 0.329
No. of individuals 16,593 16,593 16,593 16,593
No. of observations 199,114 199,114 199,114 199,114
a The dependent variable is the logarithm of the number of clicks on licensed digital music purchase websites.
All regressors referring to clicks on a given type of website are in logarithm. Total time online is the logarithm of
the total time spent online during the month, in seconds. All speciﬁcations include monthly ﬁxed effects. Standard
errors are in parenthesis and clustered at the individual level.
b Signiﬁcant at the 10% level.
c Signiﬁcant at the 5% level.
d Signiﬁcant at the 1% level.differences in elasticities between unlicensed downloading
and licensed purchases could for instance be the result
of differences in the availability of licensed digital music
stores.23 This relative lack of licensed online outlets could
therefore have made consumers more exposed to piracy23 For instance, neither Spain nor Italy had seen the entry of the Ama-
zon MP3 online music store in 2011. The Spanish and Italian editions of
the Amazon mp3 store were launched on October 4, 2012, whereas it
was launched on December 3, 2008 in the UK, on April 1, 2009 in Ger-
many and on June 10, 2009 in France. See http://en.wikipedia.org/wiki/
Amazon_MP3.for a longer period of time given its relative appeal.24
Given the important link between habit formation and at-
titude toward piracy found in earlier research, consumers
that are more experienced with digital music piracy could24 It is important to note that we are not able to explain why the level
of piracy is higher in certain countries. In particular, the higher levels
of piracy observed in Spain and Italy could be higher than in the other
countries of our sample for other reasons than the availability of licensed
online music stores.
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higher displacement rates (i.e. lower elasticities).25
4.2.2. Displacement and interest in music
We have seen the importance of controlling for in-
terest in music to determine the relationship between
the different online music consumption channels. Taking
such factors into account is key because individuals with
higher interest in music are likely to consume more music
through the different channels. If we expect consumers
with different degrees of interest in music to make dif-
ferent consumption decisions, it seems natural to ask
whether different levels of music interest are associated
with different elasticities between the alternative music
consumption channels. For instance, one may argue that
individuals with higher music interest may use unlicensed
downloading more as a discovery tool and would therefore
present lower displacement rates (i.e. larger elasticities).26
Such users may also be more likely to use online stream-
ing services as discovery tools, which would lead to higher
elasticities of licensed online streaming as well.
In our setup, a higher taste for music is measured by
a larger number of visits to music related websites (such
as radio and music-video websites) and to other types of
websites related to music, although not necessarily to di-
rect music consumption (such as websites related to songs’
lyrics or music news). To check whether individuals with
higher levels of music interest present different elasticities,
we extend equation (2) by interacting our music interest
variables with the visits to unlicensed downloading web-
sites and licensed streaming websites.
Table 6 presents the results of this exercise. The ﬁrst
column shows the results of estimating Eq. (2) without any
interaction terms, corresponding to column (6) in Table 4.
Speciﬁcation (2) introduces as an explanatory variable the
number of visits to radio and music video websites inter-
acted with the visits to unlicensed downloading websites
and with the visits to licensed online streaming websites.
Speciﬁcation (3) introduces the same kind of interactions
with visits to other types of music websites (i.e. websites
not directly related to music consumption). Finally, column
(4) incorporates all interactions used in speciﬁcations (2)
and (3).
Our estimates indicate that there are indeed signiﬁcant
elasticity differences for individuals with different levels
of music interest. Column (4) shows that individuals with
higher visits to other types of music websites have higher
elasticities of both licensed streaming and unlicensed
downloading. Using the estimates from speciﬁcation (4),
a 10% increase in the number of clicks on unlicensed
downloading websites is associated with a 0.18% increase
in clicks on licensed purchasing websites for an individual
with a log number of clicks on other types of music
websites and on radio and music video websites equal25 Most of the literature on the link between habit formation and atti-
tude toward piracy focuses on software piracy. See for instance Limayem
et al. (2004) and Ramayah et al. (2009).
26 Likewise, individuals with higher interest in music may put a higher
value on music as a cultural good and have less permissive views on
piracy.to the sample mean. When evaluating these last values
at the 75th, 90th, and 95th percentile of the sample,
a 10% increase in the number of clicks on unlicensed
downloading websites is associated with increases of 0.2%,
0.27%, and 0.31% in clicks on licensed purchasing websites,
respectively. Similarly, our results show that a higher
interest in music is associated with larger elasticities of
visits to licensed streaming websites. Relying again on
the estimates from speciﬁcation (4), and evaluating the
effects at the sample mean, we ﬁnd that a 10% increase
in the number of clicks on licensed streaming websites
is associated with a 0.36% increase in clicks on licensed
purchasing websites. When evaluated at the 75th, 90th,
and 95th sample percentiles, this effect increases sharply
to 0.41%, 0.6%, and 0.73%, respectively.
5. Conclusion
The digitization of the music industry has drastically
changed the way individuals consume music. While total
revenue from recorded music have strongly declined since
1999, revenues from digital music have increased more
than 1000% during the period 2004–2010 (IFPI, 2011). In
2013, digital revenues grew by 4.3% to an estimated US$5.9
billion. Digital channels accounted for 39% of global indus-
try revenues, and for more than 50% in three of the world’s
top 10 markets (IFPI, 2014). Digitization has also allowed
the creation of new music consumption modes such as on-
line music streaming, and revenues from online subscrip-
tion services exceeded US$1 billion for the ﬁrst time, grow-
ing by 51.3 % in 2013 (IFPI, 2014).
The growing importance of digital music consumption
calls for a better understanding of the relationship be-
tween the different consumption channel available to con-
sumers. In this paper, we rely on detailed clickstream data
for more than 16,500 Internet users across 5 European
countries to ﬁrst revisit the question of music sales dis-
placement in the digital era. Second, we analyze the effect
of online music streaming on licensed digital music pur-
chasing behavior.
Our analysis presents several results. First, we ﬁnd no
evidence of online digital sales displacement. Overall, our
different estimates show relatively stable, positive and low
elasticities of visits to licensed purchasing websites with
respect to visits to both unlicensed downloading and li-
censed streaming websites. Across speciﬁcations, the es-
timates of δ suggest elasticities of about 0.02 between
clicks on unlicensed downloading websites and licensed
purchases websites. If this estimate is given a causal in-
terpretation, clicks on licensed purchase websites would
have been 2% lower in the absence of unlicensed down-
loading websites. Speciﬁc country estimate show that for
Spain and Italy the elasticity is zero, while it is close to
0.04 for France and Germany and close to 0.03 for the
UK. We also ﬁnd evidence of heterogeneity in these ef-
fects according to individual’s characteristics. In particu-
lar, our results suggest that consumers with higher inter-
est in music present higher degrees of complementarity
between these two consumption channels. These results
must be interpreted in the context of a still evolving music
industry. It is in particular important to note that music
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counted for the lion’s share of total music revenues. If
piracy leads to substantial sales displacement of music
in physical format - as documented by existing research
- then its effect on the overall music industry revenues
may well still be negative. Second, our elasticity estimates
show somewhat larger ﬁgures for the effect of online mu-
sic streaming on the licensed purchases of digital music.
Controlling for individual ﬁxed effects leads to an elastic-
ity of around 0.05, suggesting a complementarity between
streaming services and purchases of licensed digital music.
Again, country differences show that this effect is larger
for France and Germany (around 0.08) while it is smaller
for Spain and Italy (between 0.01 and 0.02). Our results
also suggest that consumers with higher interest in mu-
sic consider licensed music streaming as a complement to
licensed digital purchases to a larger extent.
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